Six horsetails were investigated for volatile organic compounds (VOC) by GC-MS using organic solvent extraction. Seventy-five VOC biosynthesized from the shikimic, lipidic and terpenic pathways including isoprenoid derivatives were detected from these putative natural resources. E. palustre var. americana contained mainly lipidic derivatives, i.e., 1-octen-3-ol (mushroom-like odor), (E)-2-hexenoic acid (fruity odor) and (E)-2-hexenal (green odor). Many isoprenoid flavour precursors, i.e., 3-oxo--ionol (spicy odor) and (E,E)-pseudoionone (balsamic odor), as well as odorous benzenic derivatives, i.e, phenylethanal (hyacinth, lilac note) and 2-phenylethanol (rose odor) contributed to the odor of E. arvense. The volatile pattern of E. telmateia is dominated by high amounts of isoprenoids and benzenic derivatives. The complex volatile profiles of E. hyemale and E. ramosissimum are based on ferulic acid isomers, along with either (E)-2-heptenal (green vegetable-like odor) or 4-vinylguaiacol (spicy clove smoky odor) for E. hyemale and E. ramosissimum, respectively. The broad spectrum of E. scirpioides shows the lowest VOC content with high amount of isoprenoids (46.9%), mainly ionone derivatives. Equisetum resources are of great interest as bioactive litter and new potential functional feed ingredients.
Horsetails have a subcosmopolitan distribution. The fifteen wellknown Equisetum species always grow in wet sites and form large long-lived populations via highly developed rhizomes [1a,1b] . In the new phylogenetic classification, they belong to Monilophytes, where they are closer to ferns than in the previous classifications [1c,1d] . Equisetum species biosynthesize a great number of various phytochemicals, which may possess health-promoting properties. Horsetails have been frequently used in medicine since Greek antiquity to treat wounds and inflammations of the skin and to cure fractures, thanks to the action of silicic acid and various identified minerals [2a] . Recently E. arvense, commonly used as a traditional Polish medicine, was investigated for silicon from whole plant and tea bags [2b] . Nowadays several species of horsetails are still used in traditional medicine around the world, i.e., E. debile against jaundice and hepatitis, as well as for treatment of urinary tract problems, including kidney stones [2c,2d] Seventy-five VOC biosynthesized from the shikimic, lipidic and terpenic pathways were detected and sixty-five identified from the concentrated diethyl ether extracts of the six horsetails (Table 1) .
Twenty-one VOC participated in the general odor of E. arvense. This plant contained the highest biodiversity of isoprenoid flavor precursors (75.8%), i.e., 3-hydroxy-7,8-epoxy-β-ionol (17.5%), (E,E)-pseudoionone (13.1%) and 3-oxo--ionol (9.8%; Table 1 ) [6a,6b] , as well as odorous benzenic derivatives, i.e., phenylethanal (3.8%; hyacinth, lilac note), 2-phenylethanol (3.8%; rose odor), benzaldehyde (2.2%; bitter almond odor) and homovanillic acid (3.8%). The last compound is well-known as one of the quercetin metabolites from E. arvense extract when administered to humans [6c]. E. ramosissimum showed the highest amount of shikimic derivatives (76.6%), i.e., (E)-ferulic acid (28.0%), 4-vinylguaiacol (19.6%), (Z)-ferulic acid (18.7%), and 2-phenylethanol (6.5%; rose odor). Lipid derivatives, such as (E)-2-decenal (7.1%), also contributed to the complex odor of E. ramosissimum.
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The volatile profiles of E. ramosissimum and E. hyemale, both belonging to the Hippochaete subgenus, showed similarities, with both producing the same main shikimic compounds (ferulic acid isomers and 4-vinylguaiacol Among the six Equisetum species investigated for volatiles belonging either to Hippochaete or Equisetum subgenera, the quantitatively major volatiles were aromatic compounds, i.e., 4vinylguaiacol, homovanillic acid, and (Z)-and (E)-ferulic acid isomers, which were particularly present in the Hippochaete subgenus. Ferulic acid, a precursor of vanillin with antioxidant activity, may be effective in preventing cancer [7g] . 3-Hydroxy-7,8epoxy-β-ionol and 3-hydroxy-β-ionone were the isoprenoid derivatives detected in the highest amount. Another megastigmane glucoside, i.e., (6R,9S)-3-oxo--ionol 9-O--D-glucopyranoside, was previously reported in E. debile [7h] . On the other hand, lipids (C 6 -C 10 ) constituted the most diversified VOC content in horsetails with more than 20% of (E)-2-heptenal in E. hyemale.
Conclusion
Equisetum resources have great potential as new bioactive litter and potential functional feed ingredients due to the importance of their biologically active constituents, for example silicon, phenolic derivatives and volatile organic compounds [2a-2b,4b,8a,8b] .
In addition, each investigated Equisetum species synthesizes numerous volatiles known to exhibit insecticidal, pesticidal and/or arthropod repellent properties. These plants may be useful sources of chemicals for the control of micro-organisms of medical, veterinary and agricultural importance. Except E. palustre, which is a well-known livestock poison, containing the alkaloid palustrine, Equisetum natural resources are of major importance as new potential functional feed ingredients and bioactive litter. , and our own data bank. Internal standards (n-alkanes) were used as reference points in the calculation of relative retention indices.
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